Abstract: This study employed the CCR model of Data Envelopment Analysis (DEA) and the slack variable analysis to evaluate the operating efficiency of the domestic banks in Taiwan from 1998 to 2004. The operating efficiency of domestic banks was measured using interest expenses, fixed assets, deposits and number of employees as input variables. Interest income, non-interest income, investments and loans were used as the output variable. The results revealed significant differences in the average of fixed assets, deposits and loans between the high and low efficiency groups. This study found that the Non-Performing Loans/Gross Loans (NPL/GL) ratio of the high efficiency group is significantly lower than that of the low efficiency group. This study also found room for improvement in non-interest income and investments in each year and made suggestions for banks to adjust all the variables in order to enhance their overall operating efficiency.
Introduction
The banking sector serves as a financial intermediary in the economy, transferring capital from suppliers to demanders, so that the latter can obtain the operating capital. The slowdown of economy, outward migration of corporations and the chaotic political and economic circumstances in recent years, however, has tremendously changed the domestic supply and demand of capital. In response to the dynamic trend of financial liberalisation and the entry into the World Trade Organization, the government of Taiwan has deregulated many restrictions since 1989. The government has, for instance, encouraged the establishment of new commercial banks, increased their operations and actively promoted the privatisation of government-owned banks. An increase in the number of banks has resulted in higher competition between local banks forcing them to lower the loan rates and increase the interest rates to attract capital. This has consequently narrowed the differences between the rates and led to a decrease in profits. Domestic banks in Taiwan are now limited in size, have relatively higher Non-Performing Loans-Gross Loans (NPL/GL) ratio, and are not very competitive.
In response to this, the government has committed to improve the financial environment through implementation of a series of financial reforms. By amending relevant financial regulations, the government has encouraged financial institutions to merge in order to enhance the competition. The government is also formulating regulations to facilitate the market exit mechanism for the poorly managed financial institutions to ensure stability of the financial system. The pressure of market competition has driven domestic banks to enhance their operating efficiency. It is therefore imperative that every bank is completely aware of its operating efficiency and employs an effective optimal operating strategy.
Financial Ratio Analysis (FRA) is one of the traditional approaches used to measure the operating efficiency of a bank. This approach measures only the input and output ratio of a single item for a bank rather than the operating capability of a bank, thereby revealing effective use of resources and the operating efficiency of each bank in relation to other banks. Data Envelopment Analysis (DEA) is a methodology for analysing the relative efficiency and managerial performance of productive (or response) units, having the same multiple inputs and multiple outputs. It allows the comparison of relative efficiency of banks by determining the banks that span the frontier. It is a non-parametric linear programming technique that computes a comparative ratio of outputs to inputs for each unit (bank), which is reported as the relative efficiency score. The efficiency score is usually expressed as a number between zero and one. A Decision-Making Unit (DMU) with a score less than one is deemed as inefficient relative to other units. In addition, DEA's main usefulness is its ability to generate potential improvements for inefficient banks and identifying the efficient banks to benchmark. On the basis of the DEA's advantages, the researchers were motivated to measure the operating efficiency of the domestic banks with DEA approach and propose suggestions to the domestic banks regarding the potential improvements (achievable targets) of all the variables.
To sum up, this research aims to apply the CCR model of DEA to measure the relative operating efficiency of all the domestic banks to determine those that are efficient (which are the banks to be benchmarked) and those that are inefficient and need to be improved. The Quartile approach and ANOVA were adopted to divide the relative efficiency of banks in each year into four groups according to the efficient scores obtained from DEA analysis. The correlations between the input/output variables and high/low efficiency banks were examined from the cross-sectional and longitudinal aspects. The analysis of slack variable was also employed to explore why the inefficient banks have relatively low operating efficiency. Moreover, the correlations between the effectiveness of DEA's measurement and the traditional financial indicators were also explored. Finally, some suggestions were made to demonstrate how each variable should increase (or lower) its efficiency in order to effectively enhance the overall operating efficiency of the bank.
Literature review
Efficiency, as an economic term, focuses on the correlation between the input item and output item of a company's production. Production function further reflects the technical relationship between the input and output. A bank is considered as a company with multiple inputs and outputs. The efficiency of a bank lies in the correlation between its input and output. Over the recent years, FRA, Regression Analysis (RA) and Frontier Analysis (FA) have been the three major methods used to evaluate operating efficiency of a bank. Each method has differentials of model hypotheses and research limitations, and researchers tend to adopt the method best suited for their research objectives and methodology. The FRA is used to analyse the company's efficiency by using the variables of RAO and ROE. RA was adopted by researchers like Rhoades (1993) and De Young and Hasan (1998) .
The FA developed from Farrell's (1957) efficient concept connects each point that has the highest efficiency and creates a production frontier. Many researchers employ frontier efficiency models primarily because they can produce an objectively determined quantified measure of relative performance that removes the effects of many exogenous factors. The gap between any single production point and the production frontier is the relative value of lower efficiency. On the basis of the gap, a researcher can come up with an improved value for the production point of low efficiency. Furthermore, the researcher can adopt quantitative measures to calculate the production cost or profit function of the company in order to analyse the company's technical, allocative and cost efficiency. Previous studies of banks' financial efficiency have examined efficiency and performance from several different aspects. Table 1 (Aly et al., 1990; Barr et al., 2002; Lin et al., 2004; Miller and Noulas, 1996; Sherman and Franklin, 1985; Siems, 1992; Yue, 1992) summarises the principal articles by using DEA in efficiency analysis of banks.
Mathematical foundations for DEA
DEA is a technical efficiency measure of the multiple-output/multiple-input developed by Farrell. DEA optimises each individual observation with the objective of calculating a discrete piecewise linear frontier determined by the set of Pareto-efficient DMUs. Using this frontier, DEA computes a maximal performance measure for each DMU in relation to all other DMUs. Each DMU lies on the efficient (external) frontier or can be enveloped within the frontier. The DMUs that lie on the frontier are the best practice institutions and retain a value of 1. Those enveloped by the external surface are scaled against a convex combination of the DMUs on the frontier facet closest to it and have values somewhere between 0 and 1.
In this study, the DEA has been used as the method for developing the efficient frontier because it focuses solely on productive efficiency and does not require the explicit specification of the form of the underlying production relationship. Its usefulness in benchmarking is adopted here to provide an analytical quantitative tool for measuring relative productive efficiency among banks.
To guide this discussion, there are 60 banks to be evaluated. Each bank utilises several inputs to produce four different outputs. Specifically, bank j uses amounts X j = {x y } of inputs and produces amounts Y j = {y rj } of outputs r = 1, …, s. We assume that the observed values are positive, so that x ij > 0 and y rj > 0. The s⋅n matrix of output measures is denoted by Y and the m⋅n matrix of input measures is denoted by X.
A constrained-multiplier, CCR input-oriented DEA model was used to reduce the multiple-input, multiple-output situation for each bank to a scalar measure of efficiency (Charnes et al., 1978) . Consider the following ratio form of the model:
s.t. Table 1 Principal articles on use of DEA in efficiency analysis of banks Table 1 Principal articles on use of DEA in efficiency analysis of banks (continued)
Table 1
Principal articles on use of DEA in efficiency analysis of banks (continued) where E k represent the relative efficiency score of bank k, X ik represent the observed amounts of the ith input variable of the kth DMU, X 1k represent the observed amounts of the interest expenses of the kth DMU, X 2k represent the observed amounts of the fixed assets of the kth DMU, X 3k represent the observed amounts of the deposits of the kth DMU, X 4k represent the observed amounts of the employees number of the kth DMU, Y rk represent the observed amounts of the rth output variable of the kth DMU, Y 1k represent the observed amounts of the interest income of the kth DMU, Y 2k represent the observed amounts of the non-interest income of the kth DMU, Y 3k represent the observed amounts of the loans of the kth DMU, Y 4k represent the observed amounts of the investments of the kth DMU, V i represent the weights of the ith input, U r represent the weights of the rth output, n represent the numbers of domestic banks of each year (1998) (1999) (2000) (2001) (2002) (2003) (2004) and ε is a non-archimedean constant that is smaller than any positive-valued real number (ε = 10 −6 ).
Results

Analysis of the overall efficiency of all the banks
On the basis of the year-end data collected from 1998 to 2004, this research has measured the operating efficiency of banks in Taiwan with the CCR model in DEA. Interest expenses, fixed assets, deposits and number of employees are treated as input variables while interest income, non-interest income, loans and investments are treated as output variables. The definition of input and output variables is described in Table 2 . By using the Pearson's correlation test, the inputs and outputs are found to be significantly correlated. The results of Pearson's correlation test correspond to the isotonicity that the DEA model requires. Thus the input and output variables could be used for this research to measure the operating efficiency. In order to understand the operating efficiency of all banks in Taiwan, this research applied the CCR model to work out the overall operating efficiency for each domestic bank in each year. The score of each DMU in each year is given in Table 3 . See Appendix 1 for the list of banks.
Next, the results of this study are analysed from the cross-sectional and longitudinal aspects. 
Cross-sectional analyses
There are eight efficient banks in 1998 which are DMU1 to DMU8; but comparably there are 39 inefficient banks. In 1999, there are eight efficient banks which are DMU2, DMU3, DMU5, DMU6, DMU7, DMU18, DMU48 and DMU50. At the same time, there are 43 inefficient banks, which are mainly the medium-to small-sized enterprise banks. The results show that these banks require more improvement in operating efficiency. In 2000, there are eight banks, which are considered as the efficiently operating enterprises, and 44 inefficient operating banks. The efficiently operating banks are DMU3, DMU7, DMU10, DMU20, DMU21, DMU48, DMU49 and DMU50.
The efficient banks in 2001 are DMU3, DMU6, DMU7, DMU10, DMU21, DMU48 and DMU50 compared to 44 inefficient banks. There are six efficient banks in 2002, which are DMU3, DMU4, DMU6, DMU7, DMU48 and DMU50, compared to 45 banks considered as inefficient.
In 2003, DMU3, DMU4, DMU5, DMU7, DMU11, DMU21, DMU26, DMU35, DMU48, DMU48, DMU50, DMU53 and DMU54 are the efficient bank, with 38 inefficient banks.
There are 15 efficient banks in 2004, which are DMU3, DMU4, DMU7, DMU10, DMU13, DMU18, DMU26, DMU30, DMU35, DMU44, DMU48, DMU50, DMU51 DMU53 and DMU54 in comparison to 33 inefficient banks.
On the whole, from 1999 to 2004, there are four banks (DMU48, DMU50, DMU3 and DMU7), which are considered to be operating with high efficiency. DMU48 and DMU50 have joined the financial sector in 1999. They top the list in operating efficiency from 1999 to 2004. DMU3 and DMU7 enjoy the highest operating efficiency from 1998 to 2004 as well. In contrast, DMU27, DMU38 and DMU46 have the lowest operating efficiency. From the result, it has shown that the medium-to small-sized enterprise banks are mainly the low efficient banks. This also means that the medium-to small-sized enterprise banks still have room to improve their operating efficiency. This research suggests that DMU16 cuts down its operational size, DMU38, DMU33 and DMU34 expand their operating scope, and DMU37 adjusts the management to improve its operating efficiency.
Longitudinal analyses
The changes in overall efficiency from 1998 to 2004 are given in Table 4 . And the number of efficiently operating banks has increased from 6 to 15 from 2001 to 2004, given in Table 3 . This is a great improvement. This is probably because consumers start to use credit cards and cash cards as the credit expanding instrument rather than the payment tools when a large number of credit cards and cash cards are issued to compete with each other. The loans made through credit cards and cash cards are unsecured loans. Therefore, the banks have faced the higher risk and low collection rate. As a result, the loans are likely to become non-performing loans to the banks. Consequently, the government of Taiwan has since the end of 2001, started to clear up the bad debts of the financial institutions in order to strengthen the competitiveness of the financial sector. A series of financial reforms implemented by the government are likely to trigger significant improvements in the operating efficiency of domestic banks. 
Input and output measures
On the basis of the results given in Table 3 , according to the overall efficiency of each bank in each year, these banks are classified into four different groups by using quartile method. The results were given in Table 5 . The Q1 group includes the top 25% of banks that have the highest efficiency with the average efficiency of 0.98. The Q2 group includes the top 26-50% of the banks with the average efficiency of 0.89. In 2004, there are fifteen efficient banks. This indicates that over 25% of the banks are efficient. This research classified fifteen efficient banks in 2004 as Q1 group while the remaining banks are sorted into three groups according to their efficiency. These four groups are compared by the efficiency trend with the variables and examined to see if there are any significant differences. One-way ANOVA was used to test whether there are significant differences in the inputs and outputs of four groups with different efficiency. 
Input measures
There are four variables in the input measure. Each of them is analysed separately:
• Interest expenses: the results of one-way ANOVA test show that there is only one significant difference between Q1 group and Q4 group in 2002 based on the ratio of the Interest expenses to Average Assets (I/AA). There is no significant difference in the remaining six years. Overall, the average of interest expenses in Q1 group is smaller than that of Q4 group every year. The I/AA of each group decreases progressively in each year. See Figure 1(a) for the interest expenses in each efficiency group.
• Fixed assets: for the fixed assets variable, part of the results show a significant difference while part of the results show no major difference between Q1 group and Q4 group, as shown in Figure 1(b) . The results revealed that there are significant differences between Q1 group and Q4 group from 1999 to 2001, and 2003. Moreover, the averages of fixed assets of Q4 group are larger than those of Q1 group in each year.
• Deposits: as shown in Figure 1 
Output measures
There are four variables in the output measure. Each of them is analysed separately:
• Interest income: as shown in Figure 2(a) , the results revealed that there are no significant differences between each group. But from the graph, we found that there is a trend that the ratio of interest income to average assets is progressively declining in each year.
• Non-interest income: in this variable, the results shown in Figure 2 (b) revealed that there is only one important difference between Q1 group and Q4 group in 2003. Although, there are no major differences between each group in other years, the figure showed that there is a reasonable gap between Q1 group and Q4 group. Furthermore, the Q4 group non-interest income has been increasing since 2002.
• Loans: part of the results show a significant difference while rest of the results show little difference between Q1 group and Q4 group, as shown in Figure 2 (c).
The results revealed that there are significant differences between Q1 group and Q4 group from 2000 to 2002. The average of loans in Q1 group is noticeably smaller than those in Q4 group; and the average of loans in Q4 group has a substantial decline in 2004. In 2004, the ratio of loans has risen in Q1 and Q3 groups. In the contrary, a decrease has occurred in Q2 and Q4 groups with an intersection point in 2004.
• Investments: as shown in Figure 2(d) , there is a gap between Q1 group and Q4 group. However, a decrease has occurred in Q4 group and has an intersection with Q1 group in 2004. In addition, the graph shows that there were bigger changes between Q2 group and Q3 group. Figure 2 Comparing (a) the ratio of interest income to average assets between each group, (b) the ratio of non-interest income to average assets between each group, (c) the ratio of loans to average assets between each group and (d) the investment between each group Note: *Represented there is a significant difference between Q1 and Q4 at p < 0.05.
Comparison of the financial ratios in each group
In this section, we launched the comparison between the effectiveness of DEA measurement and the traditional financial analysis.
• Asset liability ratio: this is a measure of the risk level of a bank. Effective allocation of assets and liabilities can help maximise the net interest income of a bank and control the risk exposure. As shown in Figure 3 (a), significant differences between the asset liability ratios of each group are only seen in 2003 while Q4 shows an obvious upward trend.
• ROAA: ROAA is the ratio of pretax profit divided by average total assets and also an indicator of measuring the profitability of a bank. As a business, pursuing profits is one of the objectives of a bank's operation. Therefore, profitability is not only an indicator of a bank's operating efficiency but also crucial to its sustenance. As shown in Figure 3 (b), the significant differences of the ROAA in the groups are only shown in 2000 and 2001. Q1 group has a higher ROAA while Q4 group has a lower ROAA. In 2002, each group shows an obvious decline in ROAA.
• NPL/GL: NPL/GL ratio is the non-performing loans divided by total gross loans. As NPL/GL ratio is used to measure the asset quality, the bank with higher NPL/GL ratio is more likely to have bad debts, which may result in losses and lower the operating efficiency. As shown in Figure 3 (c), the only two years that have not showed significant differences in NPL/GL ratio among all the efficiency groups are 2003 and 2004 . Between 1998 and 2002 , Q1 group has lower NPL/GL ratio comparing to Q4 group. This shows that banks with higher efficiency tend to have lower NPL ratios. Q4 group has showed an apparent increase of NPL/GL ratio in 2001. This is possibly because consumers start to use credit cards and cash cards as an instrument for credit expansion instead of an instrument for payment when a large number of credit cards and cash cards are issued to compete with each other. Loans obtained through credit cards and cash cards are unsecured and face higher risk and low collection rate. As a result, they are likely to become non-performing loans for the banks. Note: *Represented there is a significant difference between Q1 and Q4 at p < 0.05.
Overall extent of possible improvement
Slack variable is the indicator provided in the CCR model. It represents the extent that the input should decrease or the output should increase when the inefficient DMUs attempt to have the same efficiency of the resource useful with those of efficient DMUs. The slack variable analysis aims to examine the inefficient DMUs through slack variables and efficiency values. The results can indicate the extent to which the inefficient DMUs can improve its input resources and output quantities to reach the same level of efficiency.
The following slack variables model is a duality model, which transformed from Equation (1):
s.t. The scalar variable θ is the (proportional) reduction that should be applied to all inputs of DMU in order to make it efficient. The dual variable λ j represents the amount by which inputs and outputs of unit j should be multiplied to create the composite unit. The slack variables ( i S − , r S + ) are standard linear programming terminology for additional variables added to the model in order to convert inequality constraints to equality constrains. Therefore, the optimisation can be achieved in two steps: first the maximal reduction of inputs is computed (by the optimal θ*), then movement on the efficient frontier is achieved using slack variables 
We can also compute the figure of ( / ) % 100
, which represents the percentage of improvement for specific input and output of each inefficient bank, respectively. Table 6 lists the percentage of possible improvement for each input variable and output variable in each year. This is achieved by adding up the potential improvements for each unit -no weightages are applied. Table 6 also indicates that the non-interest income and investments are the output variables that require more improvement in each year. In other words, inefficient banks need to focus on non-interest income and investments. Regarding to the input variables, no particular improvements are required for any variable. 
Conclusions
This research adopted the CCR model of DEA to measure the operating efficiency of banks in Taiwan. We have examined how the inputs, outputs and financial ratios of the banks correlate to their performance in the high efficiency and low efficiency groups. Eventually, the overall extent of possible improvements in each year is suggested. The following are the conclusions from the cross-sectional and time series aspects.
Inputs and outputs measures
Among the input and output variables of each year, the variables of fixed assets, deposits and loans have demonstrated marked differences in the high efficiency group and low efficiency groups for several years. The variable of fixed assets shows significant differences between the high efficiency group and low efficiency groups in five years out of seven years and the value of fixed assets for high efficiency group is smaller than that for low efficiency group in each year. The variable of deposits shows considerable differences in six out of seven years, and the value of deposits for high efficiency group is smaller than that for low efficiency group in each year. The variable of loans shows significant differences in three out of seven years, and the value of loans for high efficiency is smaller than that for low efficiency group in each year.
Financial ratios
It is a general concept that an efficient bank has better asset quality, higher profitability and lower risk level. This research has divided the banks into four groups according to their efficiency and verified that efficient banks have lower asset liability ratio, higher ROAA ratio, and lower NPL/GL ratio. Among them, NPL/GL ratio shows significant differences for several years. Efficient banks have low NPL/GL ratio while inefficient banks have high NPL/GL ratio.
Total potential improvements
By using slack variable analysis, we have obtained the percentage of potential improvement for each input and output variables in each year. The results revealed that the non-interest income and investments variables for most banks have more room to improve. However, the measuring results are the relative efficiency value, not the absolute efficiency value. In other words, even the banks that are evaluated to be the efficient banks will change their efficiency scores when different objectives or different input or output variables are chosen. Therefore, the efficient banks in this study still have to check their weaknesses frequently, and learn from other competitors in order to maintain their operating efficiency. For the inefficient banks, they can refer the results of the slack analysis to improve their inefficient performance. 
